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NOTICE 
This  report was  prepared as an account of Government sponsored 
work. Neither the United States, nor the National Aeronautics 
and Space Administration (NASA), nor any person acting on 
behalf of NASA: 
A) Makes any warranty or  representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, o r  that the use  of any information, apparatus, 
method, or process disclosed in th i s  report may not 
infringe privately owned rights; o r  
8.) Assumes any liabilities with respec t  to tho use of, 
o r  for damages resulting from the use of any  infor- 
mation, apparatus, method or process disclosed in 
this report. 
As used above, .person acting on behalf of NASA" includes 
any employee or  contractor of NASA, o r  employee of such con- 
tractor, to the  extent that such employee or  contractor of NASA, 
or employee of such contractor prepares, disseminates, o r  
provides access  to, any information pursuant to h i s  employment 
or contract with NASA, or h i s  employment with such contractor. 
Requests for copies of this report should be referred to 
National Aeronautics and Space Administration 
Office of Scientific and Technical Information 
Attention: AFSS-A 
Washington, D. C. 20546 
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1. INTRODUCTION 
Th i s  r e p o r t  reviews t h e  progress  made on development of a regenera-  
t i v e  hydrogen-oxygen f u e l  cell  under NASA Cont rac t  3-2781 dur ing  t h e  
per iod  o f  1 A p r i l  through 30 June 1965. The program o b j e c t i v e  is  the  
development of  a n  e l e c t r o l y t i c a l l y  r egene ra t ive  hydrogen oxygen f u e l  
c e l l  t h a t  w i l l  be s u p e r i o r  i n  performance t o  c u r r e n t l y  a v a i l a b l e  
rechargeable  b a t t e r i e s .  
c e l l  s t ack  t h a t  i s  u t i l i z e d  a s  a n  e l e c t r o l y z e r  du r ing  charge pe r iods ,  
and a s  a f u e l  c e l l  dur ing  d ischarge  per iods .  I n t e g r a l  gas  s t o r a g e  
tanks  are used t o  c o n t a i n  the hydrogen and oxygen gas  generated 
dur ing  charge.  
hours pe r  lb . ,  h igh ambient temperature ope ra t ion ,  and g r e a t e r  c y c l e  
l i f e  than t h a t  which can be obtained from e x i s t i n g  secondary b a t t e r i e s .  
A two phase program i s  being conducted. 
des ign ,  development and t e s t i n g  of a nominal 75  w a t t ,  44 w a t t  hour ,  
6 ce l l  u n i t  t o  demonstrate t h e  f e a s i b i l i t y  of a m u l t i - c e l l  regenera-  
t i v e  device.  
t h e  design and development of a 500 w a t t  600 w a t t  hour ,  34 c e l l  u n i t  
o f  minimum weight f o r  eva lua t ion  as a f l i g h t  pro to type .  
The device  under development c o n s i s t s  of  a 
Such a device o f f e r s  advantages i n  the  area o f  w a t t  
Phase 1 c o n s i s t e d  o f  the  
This  phase has been completed. Phase 2 c o n s i s t s  of 
4 110 q L - 4  1 
2. SUMMARY 
During t h e  per iod  covered,  t h e  d e s i g n  f o r  t h e  f i r s t  p ro to type ,  500 
w a t t  m u l t i c e l l  u n i t  was completed. A l l  components were f a b r i c a t e d ,  
and a check o u t  model w a s  assembled. Due t o  g a s  leakage i n  t h e  
i n s u l a t i n g  spacers  o f  t h e  c e l l  s t a c k ,  t h e  u n i t  was n o t  subjec ted  t o  
e l e c t r i c a l  test. Performance t e s t i n g  has been postponed u n t i l  a new 
type o f  spacer i s  rece ived ,  and incorpora ted  i n  t h e  s tack.  A six-cell  
75  w a t t  u n i t  was cont inuous ly  cycled f o r  353 c y c l e s ,  a t  x 90 C, a t  
which time t h e  t es t  was d iscont inued  due t o  performance degradat ion.  
This  tes t  pointed o u t  a r e a s  f o r  f u t u r e  improvements. S i n g l e  c e l l  tes ts  
were continued t o  o b t a i n  a d d i t i o n a l  in format ion  on e l e c t r o d e  s t r u c t u r e s ,  
e l e c t r o l y t e - a s b e s t o s  combinations,  and tes t  condi t ions .  
0 
It was f i rmly  e s t a b l i s h e d  t h a t  t h e  major cause o f  c e l l  performance 
degradat ion i s  t h e  o x i d a t i o n  of n i c k e l  i n  t h e  cathode plaques.  
4110-QL-4 2 
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3. TECHNICAL DISCUSSION 
3.1 Sing le  C e l l  Tests 
During t h i s  pe r iod ,  s i n g l e  ce l l  tests o f  t h e  type descr ibed  
1 i n  t he  prev ious  q u a r t e r l y  repor t  w e r e  cont inued.  Table I summarizes 
t h e  s i n g l e  c e l l  tests i n i t i a t e d  and d e s c r i b e s  ce l l  c o n s t r u c t i o n  and 
resul ts  obta ined .  
i n c r e a s i n g  c e l l  c a p a c i t y  t o  the d e s i r e d  2 1  ampere hour l e v e l .  
approach taken  w a s  t o  inc lude  e l e c t r o l y t e  soaked KOH mats i n  t h e  
r e s p e c t i v e  hydrogen and oxygen gas  compartments 
t o  provide a d d i t i o n a l  water. 
e l e c t r o d e s ,  was of  t he  standard type used on previous  tests.  
T h e o r e t i c a l l y ,  as  the  e l e c t r o l y t e  concen t r a t ion  i s  increased  w i t h i n  
t h e  ce l l  m a t ,  due t o  t h e  removal o f  water, a p a r t i a l  p re s su re  d r i v i n g  
f o r c e  would occur f o r  t r a n s f e r  of water  from that s t o r e d  i n  t h e  mats 
behind t h e  e l e c t r o d e s  t o  t h e  sepa ra to r  mat r ix .  
a s  water i s  formed, t h e r e  i s  a p a r t i a l  p re s su re  d r i v i n g  f o r c e  t o  
t r a n s f e r  t h e  water i n  t h e  c e l l  mats t o  the  s to rage  mats i n  t h e  gas  
compartments. However, t he  major ques t ion  involved i s  the  r a t e  a t  
which water i s  t r a n s f e r r e d  by d i f f u s i o n  compared t o  t h e  rates of water 
formation and removal dur ing  t h e  cyc l ing  o f  t he  c e l l s .  The resul ts  o f  
c e l l  number 55 were inconclus ive ,  and g e n e r a l l y  speaking the  c e l l  
performance w a s  poor throughout a l l  p o r t i o n s  of  t he  normal c y c l e s .  
T h i s  could poss ib ly  be a t t r i b u t e d  t o  t h e  o l d  e l e c t r o d e s  that had 
been used i n  the  assembly o f  t h e  cell .  
C e l l  number 55 was set up wi th  t h e  o b j e c t i v e  o f  
The 
behind the  e l e c t r o d e s  
The m a t  arrangement,  between t h e  
Likewise on d i scha rge  
C e l l  number 56 w a s  assembled and e s s e n t i a l l y  w a s  a r e p e a t  
o f  t he  cons t ruc t ion  of  the  previous cel l .  The oxygen compartment 
conta ined  one l a y e r  of 0.015" a s b e s t o s  (d ry  weight 6.5 grams) Y 
impregnated w i t h  6.5 grams O f  40.7 percent KOH- 
compartment contained two layers of  0.015" a s b e s t o s  (12.9 grams dry 
The hydrogen gas 
4 11O-QL4 3 
I 
0 
k k  @ a -  
L I m  
h 
d 
LI 
h 
I aJ -1 
0 
0 a 
-> 
0 0 U k  
e a  
L o o  
a 
rn 
U 
d 
1 
m 
aJ 
p: 
c.8 ? 
m a J  a r c 0  (II U 
0 
V 
9 
rl 
m 
0 
rl 
m 
\o 
d 
m 
b 
0 
d 
h 
0 
d 
h 
0 
4 
h 
0 
4 
vr 
\o 
N 
rn 
\o 
N 
h 
N 
h 
N 
0 
\o 
0 
9 
0 
\o 
0 
9 
0 
\o 
0 
9 
0 a 
0 
9 
aJ a 
0 
k 
aJ 
ZN t: 
\ 
U 
PI 
M E  
N 
8 w 
rn 
t m  
rJ 
0 
rl 
N 
N 
rl 
m 
N 
rl 
\ 
U 
pc 
x u  
0 
N 
$E 
a, 
-a 
0 
k 
N U  
0 0  a J 
m o  
> m  
d 
W 
0 
d 
.-I 
m 
hl 
4 
\o 
c m  m N 
d 
rl 
rl 
U 
a: rn 
In 
\o 
rn 
h 
rn 0 \o 
4 110 -QL-4 4 
I 
I' 
D -  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
h 
g 
0 
v 
H 
w 
G 
d 
*5 
U 
r( u 
6 a 
3 
c 
0 
+( 
U 
N 
U 
h 
0 
0 
U 
In 
N 
m 
o m 0  0 4 m  
000 . * .  
0 0 0  
3 
$E 
8 
pc 
E o  
N 
d 
4 llO-QL-4 
E a  
0 0  
I 
h I- 
0 0 
4 U 
. . .'il; 
m d d  
000 0 
9 9  
hl * l a  
5 
ln 
rl ln 0 ln m m 
? 
m 
4 m m m m 
h h h h h h . -  . . 
0 
4 0 0 0 0 4 4 
0 e d .;r 
vl 
m m hl 
m 
hl m 
o m  0 
ar-i \o 
0 0  0 -~ . .  
0 0  0 
0 
\o 
0 
9 
0 
\o 
0 
0 
0 a 
0 
9 
0 
\o 
0 
9 
m 
hl 
rl 
c, 
f4 
\oa 
4 0  
N+-l 
M M M M M M 
E N  
E 
ErJ 
o v  E 
E N  E N  
E E o v  0 0  o v  
U U 
PI PI PI PI 
E N  
o v  E 
hl\ u 
PI PI 
8 2  
U “ 2  hl\ “‘3 eJ\ 
-2 
rl 
m 
m 
d 
ln 
hl 
r-i 
‘ I  
n 
C 
0 v 
0 
W 
H 
W 
GI 
E4 
2 
4 110 -QL-4 6 
4 
m 
In 
0 
4 
rl 
m 
m 
0 
4 
rl 
h 
N 
3 
rD 
3 
3. 
9 
h 
N 
rl 
m 
m 
0 
4- 
rl 
h 
N 
0 
\D 
0 
0 
0 
\D 
0 
9 
v . 
4110-QL-4 
n 
C 
0 
c) 
W 
H 
w 
Cll 
VI 
d 
weight) impregnated wi th  14 grams of  40.7 KOH. The 2-1 m a t  r a t i o  
w i t h i n  t h e  gas compartments w a s  u t i l i z e d  i n  o r d e r  t o  ma in ta in  the  gas  
volume balance i n  t h e  c e l l .  The c e l l  performed s i m i l a r  t o  o t h e r  c e l l s  
when subjected t o  the  s tandard  c y c l e ,  3 5  m i n u t e s  d i scha rge ,  65 minutes  
charge.  However, when the  charge was cont inued beyond t h e  s t anda rd  
65 minute period t o  increase t h e  c e l l  c a p a c i t y ,  t h e  v o l t a g e  r o s e ,  and 
reached two v o l t s , a f t e r  19.6 ampere hours  was suppl ied  t o  t h e  c e l l .  
A t  t h i s  po in t ,  t h e  c e l l  p re s su re  was 487 ps ig .  On t h e  subsequent 
d i scharge ,  the vo l t age  dipped i n i t i a l l y ,  r o s e  t o  a reasonable  l e v e l ,  
and then f e l l  o f f  d r a s t i c a l l y  a t  t h e  end of  d i scha rge ,  a f t e r  on ly  13.7 
ampere hours  had been removed from t h e  c e l l .  The c e l l  p re s su re  a t  t h i s  
po in t  was 180 psig.  On t h e  t h i r d  charge,  when the  c e l l  p re s su re  reached 
450 p s i ,  there  was a sharp  drop i n  p r e s s u r e ,  i n d i c a t i n g  i n t e r n a l  c e l l  
recombination. The t e s t  was t h e r e f o r e  d iscont inued .  From t h e  r e s u l t s  
i t  can be concluded t h a t  t h e  d i f f u s i o n  ra tes  t o  and from t h e  c e l l  m a t  
t o  t he  s torage mats behind the  e l e c t r o d e s  were not  s u f f i c i e n t  t o  a l t e r  
t h e  c e l l  performance. The type o f  performance obta ined  was e s s e n t i a l l y  
s imi la r  t o  c e l l s  wi thout  s to rage  mats i n  t h e  r e s p e c t i v e  gas  compartments. 
C e l l  number 57 was assembled t o  check ou t  a new se t  of e l e c t r o d e s  
processed i n  a new automat ic  e l e c t r o d e  technique.  Th i s  procedure i s  
descr ibed  i n  t h e  t h i r d  q u a r t e r l y  r e p o r t  . A r ap id  c y c l e  t i m e  w a s  employed, 
and from v i sua l  observa t ions ,  i t  appeared t h a t  t he  c a t a l y s t  was uniformly 
d i spe r sed  through the porous n i c k e l  plaques . The c e l l  was cycled on 
the  s tandard  65 minutes charge,  35 minutes d ischarge .  Performance, a s  
shown i n  Figure 1, i s  s l i g h t l y  worse than  obta ined  wi th  e l e c t r o d e s  
prepared i n  the manual process  w i t h  t h e  except ion  that t h e r e  i s  a r ap id  
drop o f f  a t  the end of d i scharge .  The s t r u c t u r a l  a s p e c t s  o f  t h e  
e l e c t r o d e s  were good. 
i s  loca ted  wi th in  the porous n i c k e l  p laques  . ViSuaIly i t  appears  t h a t  
i n  our  manual process ,  a heav ie r  c a t a l y s t  loading  ex i s t s  on t h e  t o p  of  
t h e  e l ec t rode ,  the  su r face  a d j a c e n t  t o  the  a s b e s t o s  m a t ,  wi th  a 
dec reas ing  c a t a l y s t  loading ou t  t o  the  backside.  
1 
It i s  appa ren t ly  ve ry  c r i t i c a l  where the c a t a l y s t  
These e l ec t rodes  
41 10 -QL-,!+ 8 
1 1 1 1 I 1 
(D 
- * N * 0 (D 
4110-QL-4 
S110A 
9 
appeared t o  have a more uniform d i s t r i b u t i o n  o f  loading ,  and p o s s i b l y  
t h e  a c t u a l r e a c t i o n z o n e  had a r e l a t i v e l y  low c a t a l y s t  loading.  
l o c a t i o n  of t he  c a t a l y s t  i n  t h e  automatic  process  can be somewhat 
a d j u s t e d  by the  c y c l e  u s e d  i n  apply ing  t h e  c a t a l y s t .  
The 
Ce l l  number 58 w a s  assembled w i t h  one o f  t h e  au tomat ic  
e l e c t r o d e s  on t h e  oxygen s i d e  t o  see t h e  r e l a t i v e  comparison between 
normal ce l l s  and t h e  c e l l  conta in ing  two automat ic  processed e l e c t r o d e s .  
The performance o f  t h i s  c e l l  was improved above t h e  previous c e l l ,  
bu t  d i d  not reach  t h e  l e v e l s  o f  c e l l s  employing e l e c t r o d e s  made by t h e  
manual process.  Performance o f  t h i s  c e l l  i s  a l s o  shown i n  F igure  1. 
C e l l  number 59 w a s  a n  increased  c a p a c i t y  t e s t  w i t h  a m a t  
c o n s i s t i n g  o f  one l a y e r  o f  0.060" a s b e s t o s ,  and one l a y e r  o f  0.015" 
a s b e s t o s .  I n  a d d i t i o n ,  t h e  l i q u i d  conten t  i n  t h e  m a t  w a s  increased  t o  
41 grams of KOH. The c e l l  w a s  i n i t i a l l y  cyc led  over  t h e  normal c y c l e  
35 minutes d ischarge ,  65 minutes charge.  However, dur ing  c y c l i n g ,  t h e  
c e l l  developed leakage through a v a l v e  on t h e  hydrogen s i d e ,  r e s u l t i n g  
i n  excessive d i f f e r e n t i a l  p ressures .  Due t o  t h e  gas  leakage,  and 
a p p a r e n t l y  a l o s s  of  water  v i a  gas  leakage,  i t  was decided t o  d i s c o n t i n u e  
t h e  t e s t .  
Ce l l  number 60 was assembled t o  determine i f  any d e t e r i o r a t i n g  
0 e f f e c t s  occur a f t e r  c e l l  s t o r a g e  a t  150 C .  The c e l l  was assembled, 
cycled i n  t h e  normal manner a t  70 C ,  d i scharged  t o  0 pressures ,and  
allowed t o  s i t  a t  150 C over the week-end f o r  a per iod  of  67 hours .  
A t  t he  end of t h i s  t i m e ,  t h e  c e l l  temperature was reduced t o  70 C 
and cycled i n  t h e  normal manner. A s  shown i n  F igure  2 ,  t h e  performance 
o f  t h e  c e l l  had degraded s l i g h t l y ,  p o s s i b l y  a s  a r e s u l t  o f  t h e  high 
temperature  s t o r a g e .  
loss of  water i n  t h e  c e l l .  
found t h a t  the epoxy-glass f i b e r  spacer  r i n g  t h a t  i n s u l a t e s  c e l l  h a l v e s ,  
and provides t h e  d e s i r e d  c e l l  compression, had d e t e r i o r a t e d  i n  the  area 
where i t  was i n  c o n t a c t  w i t h  e l e c t r o l y t e  from t h e  mat* 
0 
0 
0 
The type of  degrada t ion  shown i n d i c a t e d  a p o s s i b l e  
When t h e  c e l l  was disassembled,  i t  was 
4 110 -QL-4 10 
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I n  a d d i t i o n ,  t h e r e  was a g r e e n i s h  c o l o r  on the m a t  a d j a c e n t  t o  t h i s  
d e t e r i o r a t e d  a r e a .  Therefore ,  i t  could n o t  be concluded whether t h e  
d e t e r i o r a t i o n  was a c t u a l l y  caused by some change i n  the c e l l  e l e c t r o d e s ,  
water l o s s ,  o r  contamination. 
Cel ls  number 6 1  and 62 were a t t e m p t s  a t  i n c r e a s i n g  c a p a c i t y  
by using a n  asbes tos  matrix c o n s i s t i n g  o f  one l a y e r  of  0.030", one 
l a y e r  of 0.015", and a second l a y e r  o f  0.030" i n  t h a t  o r d e r ,  w i t h  
reduced compression and re la t ive  high q u a n t i t y  o f  e l e c t r o l y t e .  
geometry provided increased  c a p a c i t y  over  t h e  s tandard  ce l l s ,  b u t  s t i l l  
d i d  n o t  achieve t h e  d e s i r e d  21  ampere hour l e v e l .  
T h i s  
Elec t rodes ,  suppl ied  as samples by Bishop Metals were used 
i n  c e l l  number 63. These e l e c t r o d e s  were s tandard porous n i c k e l  
plaques ( the  type used i n  EOS e l e c t r o d e s )  t h a t  had been p l a t i n i z e d  by 
a Bishop p r o p r i e t a r y  process  t h a t  impregnates t h e  c a t a l y s t  i n  h a l f  t he  
e l e c t r o d e  ad jacent  t o  t h e  m a t .  The plat inum c a t a l y s t  loading o f  t h e s e  
e l e c t r o d e s  was 20 mg. p e r  square cm. On charge ,  t h e  c e l l  v o l t a g e  r o s e  
r a p i d l y  t o  a s  h igh  a s  3 v o l t s .  However, on d ischarge ,  t h e  performance 
w a s  f a i r  and an average p l a t e a u  v o l t a g e  o f  0.75 v o l t s  w a s  ob ta ined .  
Measurements o f  t h e  c e l l  impedance i n d i c a t e d  that t h e  c e l l  r e s i s t a n c e  
w a s  s l i g h t l y  h igher  than normal ce l l s .  Therefore ,  i t  was decided t o  
d i s c o n t i n u e  the test ,  reassemble t h e  c e l l ,  and re-run t o  a s s u r e  
performance obtained w a s  reproducible .  
To check o u t  t h e  p o s s i b i l i t y  of  i n c r e a s i n g  c e l l  performance 
by u t i l i z i n g  t h i c k e r  e l e c t r o d e s  that are uniformly c a t a l y z e d ,  c e l l  
number 65 was assembled wi th  two of o u r  s tandard (manual) p l a t i n i z e d  
porous n i c k e l  e l e c t r o d e s  on both t h e  hydrogen and oxygen s i d e  o f  t h e  
a s b e s t o s  m a t .  I n  a d d i t i o n ,  t h e  mat e l e c t r o l y t e  was increased  s l i g h t l y .  
The i n i t i a l  c e l l  performance looked promising. However, on t h e  second 
d ischarge ,  the c e l l  developed a l eak  through OW o f  t h e  0 r i n g s  t h a t  
seal t h e  per iphery of t h e  ce l l .  Therefore ,  t h e  t e s t  was d iscont inued .  
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C e l l  number 66 was se t  up us ing  two l a y e r s  o f  a s b e s t o s ,  i.e., 
0.060" + 0.015", us ing  no back up screens  and a 0.045" spacer .  
l a r g e  amount of  e l e c t r o l y t e  (48 grams) w a s  added on t h e  premise t h a t  
a d d i t i o n a l  water would inc rease  capac i ty .  
w a s  i n  excess  of  18 AH. 
i n d i c a t e d  f looding  near  the  end o f  t h e  cyc le .  
e f f i c i e n c i e s  o f  somewhat less than 80 percent  were noted. 
A 
The maximum c a p a c i t y  a t t a i n e d  
However, vo l t age  performance on d i scha rge  
I n  a d d i t i o n ,  c u r r e n t  
C e l l  number 67 w a s  assembled t o  r e -eva lua te  t h e  Bishop 
2 platinum e lec t rodes .  These e l ec t rodes  were loaded (20  mg,/cm ) w i t h  
t h e  platinum loca ted  p r i n c i p a l l y  i n  the  f r o n t  h a l f  o f  t h e  e l ec t rode .  
A s  i n i t i a l l y  rece ived ,  the e l ec t rodes  contained what w e  b e l i e v e  t o  be  
a c e t i c  a c i d .  
performance w a s  no t  s a t i s f a c t o r y .  P r i o r  t o  r e - u s e ,  the e l e c t r o d e s  
were thoroughly washed t o  eliminate r e a c t i o n  products  between t h e  KOH 
e l e c t r o l y t e  and the  "acetic acid". 
c e l l  number 67 as  compared t o  t h e  p r i o r  test ,  
impor tan t ,  t h e  goal  of 21 amp. hour c a p a c i t y  was achieved as  shown i n  
Figure 3. This  s i n g l e  c e l l  t e s t  i n d i c a t e s  t h a t  t h e  l o c a t i o n  of t he  
c a t a l y s t  and e l e c t r o l y t e  wi th in  t h e  e l e c t r o d e s  i s  c r i t i c a l  f o r  h igh  
capac i ty .  Theory i n d i c a t e s  t h a t  t h e  hydrogen e l e c t r o d e  (where water  
i s  consumed and formed) should be the  c r i t i c a l  e l e c t r o d e .  (There is 
some experimental  evidence for  t h i s  based on our  t es t  r e s u l t s  us ing  
American Cyanamid e lec t rodes . )  During t h e  charge process ,  i t  i s  
appa ren t ly  d e s i r a b l e  t o  have the H e l e c t r o d e  p a r t i a l l y  s a t u r a t e d  w i t h  
water. During d i scha rge ,  however, t h i s  i s  n o t  a s  d e s i r a b l e .  T e s t  
r e s u l t s  i n d i c a t e  t h a t . c a p a c i t y  is  l imi t ed  by e l e c t r o d e  f looding  a t  t h e  
end o f  d i scha rge ,  and e l ec t rode  d ry ing  o u t  a t  t h e  end o f  charge.  
Apparent ly  the, Bishop e l ec t rodes  permit rap id  t r a n s f e r  of  water between 
t h e  mat  and t h e  e l e c t r o d e ,  thus e f f e c t i v e l y  l i m i t i n g  t h e  f looding  and 
dry ing  ou t  processes .  
t e s t ed  to f u r t h e r  eva lua te  t h i s  e f f e c t .  
d i f f e r e n t  c a t a l y s t  l a d i n g s  and t h e  l o c a t i o n s  Of t he  load ing*  
I n  t h i s  condi t ion ,  as  descr ibed  f o r  c e l l  number 63, 
performance w a s  v a s t l y  improved i n  
I n  a d d i t i o n ,  and more 
2 
Addit ional  samples of Bishop e l e c t r o d e s  w i l l  be 
These e l e c t r o d e s  w i l l  
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C e l l  number 68 w a s  assembled t o  e v a l u a t e  t h e  e f f e c t  o f  
doubl ing the  e l e c t r o d e  thickness  on improving capac i ty .  
water would be s to red  wi th in  t h e  e l e c t r o d e s ,  thus  improving c a p a c i t y  
wi thout  i nc reas ing  i n t e r n a l  I R  l o s ses .  A 0.045" spacer  w a s  u t i l i z e d  
i n  conjunct ion  wi th  a 0.060" a s b e s t o s  m a t .  
dur ing  which it w a s  noted tha t  apprec i ab le  recombination w a s  occur r ing  
a t  e l eva ted  pressures .  
I n  t h i s  case 
Two c y c l e s  w e r e  run 
It w a s  surmised t h a t  t h e  i n t e r - e l e c t r o d e  leakage w a s  due t o  
t h e  e l e c t r o l y t e  being squeezed o u t  of t he  m a t  due t o  the  h igh  
compression caused by the  use o f  dua l  e l ec t rodes .  
I n  o rde r  t o  prevent  t h i s  high compression loading ,  t h e  
second 0 e l e c t r o d e  w a s  e l iminated i n  c e l l  number 69. Electrical 
performance on t h i s  c e l l  was very  poor,  and a f t e r  5 c y c l e s  the  run 
w a s  terminated . 
2 
C e l l  number 70 w a s  assembled t o  e v a l u a t e  t h e  e f f e c t s  o f  
thermal s t e r i l i z a t i o n  on cell  Performance. The s t e r i l i z a t i o n  test 
cons i s t ed  o f  t h r e e  i n i t i a l  c e l l  e l e c t r i c a l  performance cyc le s ,  t o  
provide a datum, followed by t h e  t h r e e  thermal c y c l e s  s p e c i f i e d  by 
NASA, followed by t h r e e  a d d i t i o n a l  e l e c t r i c a l  performance cyc les .  
Resu l t s  o f  t he  t es t  were mixed. E l e c t r i c a l  performance d e t e r i o r a t e d  
somewhat a f t e r  thermal cycling. Upon d issassembly ,  i t  w a s  noted 
t h a t  t he  oxygen e l e c t r o d e  had v i s u a l l y  changed from a black c a t a l y s t  
su r f ace  t o  a d u l l  gray surface material. E l e c t r o l y t e  concen t r a t ion  
w i t h i n  t h e  a s b e s t o s  dropped from 40 percen t  t o  29 percent .  The 
a s b e s t o s  m a t  w a s  blackened on t h e  oxygen s i d e  and contained black 
p a r t i c l e s  d i spe r sed  throughout t he  ma t r ix ,  g radua l ly  dec reas ing  i n  
concen t r a t ion  from the  0 t o  H e l ec t rode .  These were t h e  only  
v i s u a l l y  d e t e r i o r a t e d  components. NO co r ros ion  w a s  evidenced,  the  
e thy lene  propylene rubber 0 r i n g s  showed no s igns  of  d e t e r i o r a t i o n ,  
the g lass  epoxy spacer was undamaged, and t h e  H 2 
appa ren t ly  unchanged - 
2 2 
11 I1 
electrode was 
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Cel l  number 71 was a repeat o f  c e l l  69 u s i n g  t h e  same 
e l e c t r o d e s  a s  number 69. Performance was very  poor i n d i c a t i n g  t h e  
e l e c t r o d e s w e r e  somehow damaged i n  p r i o r  use.  A f t e r  7 c y c l e s  t h e  
t e s t  was terminated. 
Single ce l l s  number 72, 7 3 ,  74, and 75 were set up t o  
e v a l u a t e  American Cyanamid type  AA-1 e l e c t r o d e s .  These e l e c t r o d e s  
c o n s i s t  of a platinum, t e f l o n  mix t h a t  i s  coated on a tantalum w i r e  
screen.  The c a t a l y s t  loading  i s  9 mg. p e r  sq. cm., and t h e  e l e c t r o d e  
th ickness  is  0.015". 
was used on t h e  oxygen s i d e ,  and a n  EOS 20 mg. plat inum p e r  sq. cm. 
porous n i c k e l  plaque e l e c t r o d e  w a s  used on t h e  hydrogen s i d e .  I n  
c e l l  number 72, a leak developed through a worn o u t  spacer  i n  t h e  
c e l l ,  and the c e l l  w a s  never  subjec ted  t o  tes t .  
I n  a l l  t h e  c e l l  tests, t h e  Cyanamid e l e c t r o d e  
C e l l s  number 73, 74, 75 were cycled a l i m i t e d  number o f  t i m e s .  
Performance was very  poor on both charge and d ischarge .  Disassembly 
of t h e  cells  revealed that  the tantalum s c r e e n  w i t h i n  the  e l e c t r o d e  
had been e n t i r e l y  d isso lved  i n  t h e  a l k a l i n e  e l e c t r o l y t e .  
C e l l  number 76 incorporated a n  American Cyanamid A B 4  type 
e l e c t r o d e  on t h e  oxygen s ide .  This i s  a 9 mg. p e r  sq. cm. platinum 
c a t a l y s t  load e l e c t r o d e  on a n i c k e l  screen.  The c e l l  was set  up t o  
determine long term c y c l i n g  e f f e c t s  on t h i s  type  o f  oxygen e l e c t r o d e .  
The c e l l  was cyc led  on t h e  s tandard  65 minute charge a t  9.5 t o  10 amps., 
and 35 minutes d ischarge  a t  17-18 amps. The c e l l  i n i t i a l l y  contained 
a h igher  quant i ty  of  e l e c t r o l y t e .  Throughout t h e  f i r s t  4 5  c y c l e s ,  
performance showed a gradual  d e t e r i o r a t i o n ,  a s  i n d i c a t e d  by h i g h e r  
charging vol tage and lower d ischarge  vol tage .  I n  a d d i t i o n ,  dur ing  
t h e  l a t t e r  c y c l e s ,  d i scharge  v o l t a g e  showed a more pronounced d i p  a t  
t h e  beginning and end o f  discharge.  From t h e  46-49th c y c l e s ,  which 
occurred overnight ,  t h e  charging c u r r e n t  a p p a r e n t l y  d r i f t e d  upwards 
tending t o  overcharge t h e  ce l l .  
50th cyc le ,  t h e  c u r r e n t  was r e a d j u s t e d  t o  b r i n g  t h e  c e l l  back to 
n o m 1  operat ing pressures .  
The fol lowing morning, dur ing  t h e  
However, from t h e  50-54th cycle  9 
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performance had dropped cons iderably  from that o f  t h e  prev ious  day. 
The c e l l  was therefore  disassembled. One edge o f  t h e  a s b e s t o s  
m a t  was found pushed inward. 
t h e  a s b e s t o s  m a t  d r i e d  o u t  t o  a p o i n t  where gas  mixing had occurred  w i t h i n  
t h e  cell.  
have caused t h e  sharp  degradation i n  performance t h a t  occur red  a f t e r  
t h e  50th  cyc le .  
c lean .  
and back-up p l a t e  behind the oxygen e l e c t r o d e  had a tendency t o  p e e l  
o f f ,  as  opposed t o  the  hydrogen s i d e  where the  go ld -p la t ing  w a s  s t i l l  
v e r y  adherent .  Analys is  of t h e  KOH concen t r a t ion  i n  t h e  a s b e s t o s  mat 
revea led  a f i n a l  KOH i n  the  range o f  31.4 t o  31.5 percent .  
Apparently when t h e  c e l l  overcharged, 
This i n t e r n a l  leakage and subsequent r e a c t i o n  i s  be l i eved  t o  
Other a spec t s  o f  t h e  i n t e r n a l  c e l l  components look 
The gold p l a t i n g  tha t  w a s  used on t h e  gas  d i s t r i b u t i o n  sc reen  
Cel l s  number 77 and 78 were assembled t o  determine i f  
performance improvements could be obta ined  by us ing  h ighe r  c a t a l y s t s  
loaded oxygen e l e c t r o d e s .  
American Cyanamids'type AB40, which c o n s i s t s  of  a n i c k e l  s c reen  coa ted  
wi th  a platinum t e f l o n  mix with 40 mg. of platinum per sq. cm. The 
ce l l s  w e r e  cycled on a normal 100 minute cyc le .  Typica l  performance - 
i s  shown i n  F igure  4. As can be seen ,  t h e  v o l t a g e  of  t he  c e l l  took 
a n  i n i t i a l  d i p  when the  d ischarge  was s t a r t e d ,  ro se  t o  a h igh  l e v e l ,  
and then  dipped o f f  once again a t  t h e  end o f  d i scharge .  During t h e  
c y c l e ,  c e l l  d i scha rge  vol tages  as  h igh  as  0.9 o f  a v o l t  a t  17.5 
amps were obta ined .  This  performance exceeded a l l  prev ious  t e s t  
r e s u l t s .  However, t h i s  h i g h  performance l e v e l  on ly  occurs  dur ing  a 
s h o r t  p o r t i o n  of  t h e  discharge.  
performance i s  very  s e n s i t i v e  t o  water con ten t .  During t h e  middle of 
t h e  d i scha rge ,  t h e  optimum l i q u i d  q u a n t i t y  occur s ,  and peak performance 
i s  obta ined .  For the  rechargeable type  f u e l  c e l l ,  where water i s  s t o r e d  
i n  t h e  a s b e s t o s  mats, t h i s  s e n s i t i v i t y  t o  l i q u i d  q u a n t i t y  i s  n o t  
d e s i r a b l e .  Poss ib ly  d i f f e r e n t  i n i t i a l  e l e c t r o l y t e  q u a n t i t i e s  and 
compression r a t i o s  could a l t e r  t h e  water s e n s i t i v i t y  o f  type AB40 
e l e c t r o d e s .  
The oxygen e l e c t r o d e s  employed were 
Apparently t h e  AB40 e l e c t r o d e  
This  approach w i l l  be eva lua ted  a t  a l a t e r  t i m e *  
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To ob ta in  a b e t t e r  understanding o f  t h e  c a u s e  o f  KOH d e p l e t i o n  
t h a t  has been encountered i n  previous tests, two a s b e s t o s  mats o f  a 
pure f u e l  ce l l  grade were pre-washed w i t h  one l i t e r  o f  h o t  38 percen t  
KOH. 
mats by means o f  a Buckner funnel-vacuum set up. 
KOH was sucked through each mat fou r  t i m e s .  The mats were then 
washed wi th  approximately 8 gal lons  of  d i s t i l l e d  water, and d r i e d  
overn ight  i n  a n  a i r  oven. 
t h e s e  mats and two s tandard  20 mg. platinum p e r  sq. cm. e l e c t r o d e s  i n  
a s i n g l e  c e l l  housing, and allowed t o  s i t  overn ight .  
i t  t o  e l e c t r i c a l  t e s t ,  the c e l l  w a s  d i ssassembled ,  and the  sample of  
e l e c t r o l y t e  from t h e  m a t  w a s  analyzed. This  r e s u l t e d  i n  a f i n a l  
e l e c t r o l y t e  concen t r a t ion  o f  35.2 percent .  The m a t  had been i n i t i a l l y  
impregnated w i t h  40.3 percent  KOH. This  drop  i n  e l e c t r o l y t e  concent ra -  
t i o n  i n d i c a t e s  t h e  p o s s i b i l i t y  t h a t  (a) dur ing  t h e  washing p rocess ,  t h e  
r e a c t i n g  subs tance  i n  t h e  m a t  d id  no t  have s u f f i c i e n t  t i m e  t o  react, 
(b) t h e  handl ing  of t h e  a s b e s t o s  m a t  when it is w e t  down and disassembled, 
causes a n  e l e c t r o l y t e  loss, o r  (c)  our  test method and a n a l y s i s  h a s  a 
1 2 p e r c e n t  e r r o r .  These p o s s i b i l i t i e s  and t h e  resul ts  determined w i l l  be  
The potassium hydroxide s o l u t i o n  w a s  sucked through t h e  a s b e s t o s  
The s a m e  l i t e r  o f  
C e l l  number 79 was assembled wi th  one o f  
Without s u b j e c t i n g  
f u r t h e r  i nves t iga t ed .  
C e l l  number 81 contained t h e  second e l e c t r o l y t e  washed m a t .  
It w a s  pu t  on c y c l e ,  and i s  s t i l l  cyc l ing ,  t h e  r e su l t s  of which w i l l  be 
r epor t ed  i n  the  next q u a r t e r l y  r e p o r t .  
C e l l  number 80 w a s  t o  be a r epea t  of cel l  number 76 which 
contained a s tandard  American Cyanamid AB4 type  oxygen e l e c t r o d e .  A 
smaller q u a n t i t y  of e l e c t r o l y t e  w a s  used i n  t h i s  c e l l  than  i n  c e l l  
number 76. When c e l l  76 w a s  disassembled, f r e e  l i q u i d  was found i n  
t h e  oxygen gas  compartment i n d i c a t i n g  t h a t  i t  had been squeezed o u t  of 
t h e  m a t  dur ing  assembly. 
performance. 
&, d i scha rge ,  a s u b s t a n t i a l  i n i t i a l  d i p  was encountered, and a r a p i d  
fall o f f  i n  vo l t age  towards the end of  d i scha rge  w a s  a l s o  observed- 
C e l l  number 80 r a p i d l y  d e t e r i o r a t e d  i n  
A f t e r  9 c y c l e s ,  the v o l t a g e  on d i scha rge  rose  t o  2 v o l t s .  
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I n  d iscuss ions  wi th  NASA Lewis  , and American Cyanamid t e c h n i c a l  
personnel  , i t  w a s  revea led  t h a t  gradual  performance d e t e r i o r a t i o n s  wi th  
these  t y p e  of e l e c t r o d e s  has  been encountered i n  p r i m r y  hydrogen oxygen 
f u e l  c e l l s .  
the n i c k e l  screen caused the  degradat ion i n  performance. To overcome 
t h i s  def ic iency ,  American Cyanamid has  f a b r i c a t e d  experimental  e l e c t r o d e s  
i n  which the  n i c k e l  screen i s  gold p l a t e d ,  and they  have found t h a t  t h i s  
cons iderably  reduced performance d e t e r i o r a t i o n .  The phenomena o f  t h e  
n i c k e l  s u b s t r a t e  being oxidized would be g r e a t l y  a c c e l e r a t e d  i n  a 
r egene ra t ive  device ,  s i n c e  ox ida t ion  occurs  much more r e a d i l y  dur ing  
the  charge po r t ion  of t he  cyc le .  This  mode of d e t e r i o r a t i o n  i s  i n  
agreement w i t h  our  th inking  and was a primary reason  f o r  eva lua t ing  
American Cyanamid e l e c t r o d e s  a s  a method of e l imina t ing  porous n i c k e l  
plaques such a s  EOS e lec t rodes .  However, t h e  high p o r o s i t y  n i c k e l  
porous plaque e l e c t r o d e  remains the  b e s t  e l e c t r o d e  from the  s t andpo in t  
of o v e r a l l  performance. Gold p l a t e d  n i c k e l  sc reen  Cyanamid e l e c t r o d e s  
w i l l  be evaluated i n  s i n g l e  c e l l  t e s t s  du r ing  t h e  next  q u a r t e r .  
I n  t h a t  ca se ,  i t  was reasoned that a gradual  o x i d a t i o n  o f  
I n  order  t o  determine which e l e c t r o d e  causes  f a l l - o f f  i n  
performance due t o  drying ou t  and f looding ,  c e l l  number 82 was assembled 
w i t h  a re ference  e l e c t r o d e  i n  t h e  a s b e s t o s  m a t .  The r e f e r e n c e ,  a n  
a c t i v a t e d  Raney n i c k e l  powder on a n i c k e l  s c reen ,  w a s  placed between 
two l a y e r s  of 0.030" a s b e s t o s  m a t .  
r e f e rence  e l ec t rode  shor t ed  t o  t h e  oxygen s i d e  of t h e  c e l l ,  due to  
poor i n s u l a t i o n  on the feed through wire. Therefore ,  t h e  t es t  was 
d iscont inued  and the c e l l  disassembled. Refinements of  t h i s  r e fe rence  
e l e c t r o d e  technique w i l l  be made, and a d d i t i o n a l  tests o f  t h i s  t y p e  
w i l l  be undertaken. 
During t h e  second c y c l e ,  the  
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C e l l  number 83 cons is ted  of a set o f  e l e c t r o d e s  that had been 
used i n  t h e  m u l t i - c e l l  u n i t ,  s e r i a l  number 107. The e l e c t r o d e s  were 
washed wi th  the d i s t i l l e d  water a f t e r  removal from t h e  m u l t i - c e l l  u n i t ,  
and assembled i n  a s i n g l e  cell test set up wi th  a f r e s h  a s b e s t o s  m a t .  
Typical  performance o f  t h i s  c e l l  i s  shown i n  Figure 5. 
vo l t age  d i d  no t  show any s i g n i f i c a n t  d i f f e r e n c e  than  performance 
obtained wi th  f r e s h  e l ec t rodes .  However, upon swi tch ing  t o  d i scha rge ,  
a s u b s t a n t i a l  s h i f t  i n  d i f f e r e n t i a l  p re s su re  was noted ,  and a h igher  
vo l t age  l e v e l  w a s  obtained for  a s h o r t  per iod o f  t i m e  i n d i c a t i n g  a 
s u b s t a n t i a l  q u a n t i t y  of n icke l  oxide i n  t h e  oxygen e l e c t r o d e .  The 
vo l t age  then  f e l l  t o  approximately 0.7 v o l t .  It then f e l l  o f f  sha rp ly  
toward t h e  end o f  d i scharge .  This  performance r e p r e s e n t s  a cons ide rab le  
d e t e r i o r a t i o n  when compared t o  performance o f  a f r e s h  set o f  e l e c t r o d e s .  
The charge 
C e l l  number 84 was a s i n g l e  c e l l  t h a t  u t i l i z e d  t h e  same 
hydrogen e l e c t r o d e  as  ce l l  83 wi th  a f r e s h  oxygen e l e c t r o d e  and a s b e s t o s  
m a t .  The performance o f  t h i s  c e l l  i s  a l s o  shown on Figure  5, The 
d ischarge  vo l t age  i s  considerably b e t t e r ,  i n d i c a t i n g  the d e t e r i o r a t e d  
performance w a s  caused by changes i n  t h e  oxygen e l ec t rode .  
The s u b s t a n t i a l  d i f f e r e n t i a l  p re s su res  and t h e  n i c k e l  oxide 
hydroxide p l a t eau  v o l t a g e  o f  c e l l  'number 83 i s  s t r o n g l y  i n d i c a t i v e  
t h a t  the  mode of d e t e r i o r a t i o n  is the conversion of the  n i c k e l  i n  the  
oxygen e l e c t r o d e  to  a n i c k e l  oxide o r  hydroxide form. 
3.2 M u l t i c e l l  T e s t i n g  
A 6 c e l l ,  75  w a t t  un i t  (S/N 107) w a s  placed on cyc le  tes t  
near  t he  end of the  l as t  repor t  pe r iod ,  and opera ted  ,during t h i s  
per iod.  
charge ,  35 minute d ischarge  regime f o r  353 cycles .  
ou t  overn ight ,  and dur ing  week-ends. 
The c e l l  was cycled cont inuously on the  s tandard  65 minute 
Cycl ing w a s  c a r r i e d  
The tes t  se t -up  contained a 
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pres su re  swi tch ,  which au tomat ica l ly  shu t  down the  c e l l  charger  when 
t h e  c e l l  p re s su re  reached approximately 385 p s i .  Throughout t h e  f i r s t  
200 cycles,  t h e r e  was only  a s l i g h t  change i n  performance, wi th  v o l t a g e  
on charge i n c r e a s i n g  s l i g h t l y ,  and v o l t a g e  a t  t h e  end of  d i scha rge  
decreas ing  s l i g h t l y .  
g radua l ly  and d ischarge  vol tage  decreased gradual ly .  
v o l t a g e  performance is shown i n  F igures  6 and 7.  Figure  6 i s  a family 
o f  curves  a t  v a r i o u s  cyc les .  
p o i n t s  t o  show the  rate of d e t e r i o r a t i o n  as a func t ion  o f  cyc les .  A s  
can  be seen up t o  the f i r s t  200 c y c l e s ,  the  d e t e r i o r a t i o n  rate appea r s  
t o  be a t  one l eve l .  Beyond tha t  c y c l e ,  t h e r e  i s  a more r a p i d  f a l l  o f f  
i n  performance, w i th  t h e  slope f o r  t he  end of  d i scha rge  vo l t age  be ing  
g r e a t e r  than  t h e  o t h e r  d e t e r i o r a t i n g  modes. 
From the 200-342nd c y c l e ,  charge vo l t age  inc reased  
This  change i n  
Figure 7 i s  a p l o t  of  t h e  extreme v o l t a g e  
A t  t h e  343th cyc le ,  which occurred i n  t h e  middle of t h e  
n i g h t ,  d a t a  i n d i c a t e s  t h a t  a n  i n t e r n a l  r e a c t i o n  took p lace .  From 
t h a t  po in t  on, the performance w a s  cons iderably  worse,  as  shown i n  
F igure  6. A f t e r  353 c y c l e s ,  the  c e l l  test w a s  d i scont inued ,  and a n  
impedance measurement was made of  t he  c e l l  a t  ope ra t ing  temperature.  
It w a s  found t o  be 0.034 ohms. The assembly w a s  al lowed t o  cool  t o  
room temperature ,  and ano the r  r e s i s t a n c e  measurement w a s  made. I n  
t h i s  case, i t  w a s  found t o  be 0.098 ohms. This  va lue  i s  cons iderably  
l a r g e r  t han  the  i n i t i a l  r e s i s t a n c e  a t  room temperature  which was 
0.057 ohms. 
Examination o f  the i n t e r n a l  components revea led  t h a t  t h e  
i n s i d e  of the  bel lows,  which conta ins  hydrogen, had rus t ed  on t h e  
su r face ,  appa ren t ly  due t o  long term c o n t a c t  w i t h  potassium hydroxide 
vapors.  The o u t s i d e  o f  the bellows and t h e  oxygen compartment 
showed a b l ack  t o  green d i s c o l o r a t i o n ,  i n d i c a t i n g  t h e  chemical 
r e a c t i o n  took p l ace  i n  that compartment. The s t a c k  b o l t s  had r e s i d u a l  
to rques  o f  25-30 inch  pounds. 
70 inch  pounds. 
s t i l l  w e r e  f u l l y  compressed. 
I n i t i a l l y ,  t h e s e  b o l t s  were torqued t o  
The B e l l e v i l l e  s p r i n g s  on t h e  ends o f  t he  s t a c k  b o l t  
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Taking a p a r t  t h e  c e l l  s t a c k ,  i t  was found that t h e  oxygen 
back-up screen and b i p o l a r  p l a t e  had a b lack  d i s c o l o r a t i o n .  The 
b i p o l a r  p l a t e s  and screen  from t h e  hydrogen e l e c t r o d e s  looked p e r f e c t l y  
c l ean .  The oxygen e l e c t r o d e s  i n  fou r  of  t h e  ce l l s  had crumbled away 
a long  t h e  edge, which probably was due t o  chemical d e t e r i o r a t i o n .  
However, i n  o t h e r  areas, t h e  s t r u c t u r e  of t h e  oxygen e l e c t r o d e  
appeared f ine.  The a s b e s t o s  m a t s  had a black d i s c o l o r a t i o n  a d j a c e n t  
t o  t h e  hydrogen e l e c t r o d e s ,  and were r e l a t i v e l y  c l e a n  f a c i n g  t h e  
oxygen e lec t rodes .  Analys is  o f  a l l  t h e  m a t s  i n  t h e  c e l l  s t a c k  revealed 
f i n a l  KOH concent ra t ions  i n  the  range of 23-25 percent  KOH, as shown 
i n  Table 11. 
The performance da ta  showed two problem areas: ( a )  gradual  
degrada t ion  i n  performance, and (b) long t e r m  gas  mixing t h a t  l e a d  t o  
a n  i n t e r n a l  r e a c t i o n  that f u r t h e r  degraded performance. Gradual 
degrada t ion  i n  performance could be caused by a number o f  problems. 
Most probably degrada t ion  was caused by gas  mixing, s t r u c t u r a l  
d e t e r i o r a t i o n  of  t h e  oxygen e l e c t r o d e ,  and/or  gradual  l o s s  o f  KOH, 
due t o  a n i c k e l  hydroxide s i d e  r e a c t i o n  w i t h i n  t h e  c e l l .  The cause of  
t h e  slow gas mixing that l ead  t o  t h e  chemical r e a c t i o n  i s  be l ieved  
due t o  leakage through t h e  s p a c e r s  a s  picked up i n  t h e  500 w a t t  u n i t .  
(See Section 3 . 3 ) .  
C y c l e  l i f e  performance achieved i s  cons idered  very encouraging, 
and h a s  indicated c e r t a i n  modes of d e t e r i o r a t i o n  that  occur which w i l l  
be i n v e s t i g a t e d  f u r t h e r .  
a s b e s t o s  m a t  a r e  j u s t i f i e d .  
f o r  t h e  oxygen e l e c t r o d e  i s  n o t  d e s i r a b l e ,  s i n c e  i t  a p p a r e n t l y  gradual ly  
o x i d i z e s  with c y c l i n g  and s t r u c t u r a l l y  d e t e r i o r a t e s .  
r e l a t e d  t o  the e l e c t r o l y t e  consumption, since t h e  formation of  c e r t a i n  
n i c k e l  oxides could t i e  up OH- ions.  
i n v e s t i g a t e d  f u r t h e r  i n  s i n g l e  c e l l  tests.  
It appears  t h a t  a d d i t i o n a l  s t u d i e s  on t h e  
For long term u s e ,  a n i c k e l  s u b s t r a t e  
It a l s o  can be  
These p o s s i b i l i t i e s  w i l l  be 
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TABLE XI 
FINAL ELECTROLYTE CO#CBNTRATI(M 
OP FUEL CELL S / N  107 
a!!!& 
C e l l  
Q .  
A 
% 
B 
% 
22.9 
22.9 
21.5 
22 .9 
Y.8, 
25.6 
22.7 
22.9 
21.2 
22.7 
24.9 
25.1 
27 
3 . 3  M u l t i c e l l  500 Watt Unit  
During t h i s  r e p o r t  per iod ,  a l l  t he  components f o r  t h e  
Pl-500 w a t t  u n i t  were rece ived  and inspec ted .  The gas  tanks  were 
h y d r o s t a t i c a l l y  t e s t e d  t o  800 p s i g  and found t o  be accep tab le .  The 
components and a s t ack  assembly a re  shown i n  F igu res  8 and 9. 
A 500 w a t t ,  34 c e l l  b a t t e r y  w a s  assembled du r ing  the  l a te r  
p a r t  o f  t h i s  per iod.  N o  problems were encountered du r ing  the  
assembly. However, during a r o u t i n e  checkout f o r  c e l l  s t a c k  gas  
leakage,  a number o f  ve ry  small leaks  were noted  on the  e x t e r n a l  
diameter  of  the s t ack .  Attempts  t o  s t o p  t h e  leakage by compressing 
t h e  c e l l  s tack  fu r the r  were unsuccessful .  V i s u a l l y  i t  appeared t h a t  
the l eaks  were i n  the g l a s s  t e f l o n  i n s u l a t i n g  spacers .  I n  o rde r  t o  
e v a l u a t e  t h i s  p o s s i b i l i t y ,  several tes ts  were made us ing  both  new and 
used spacers .  It w a s  d e f i n i t e l y  e s t a b l i s h e d  that c e r t a i n  o f  t he  
space r s  leak ,  probably due t o  poor g l a s s - t e f l o n  bonding. 
Due t o  t h i s  leakage problem, g l a s s - t e f l o n  space r s  w i l l  be 
e l imina ted .  In s t ead ,  w e  w i l l  s u b s t i t u t e  t h e  glass-epoxy material 
which w e  a r e  using s u c c e s s f u l l y  i n  s i n g l e  c e l l  t es t s .  E lec t r ica l  
t e s t i n g  o f  the 500 w a t t  u n i t  has been postponed u n t i l  new spacers  
can be received. 
A weight breakdown o f  t h e  pro to type  on t h e  b a s i s  of aluminum 
tank i s  presented i n  Table 111. 
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FIG. 9 500-WATT REGENERATIVE HYDROGEN-OXYGEN FUEL CELL ASSEMBLY 
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TABLE I11 
WEIGHT BREAKDOWN OF 500 WATT H2-02 REGENERATIVE FUEL CELL 
- I t e m  Unit Weinht-lbs. To ta 1 Weinht -1b s . 
1 ea. H 2 end p l a t e  1.68 1.68 
1 ea. 0 end p l a t e  0.89 2 
33 ea. Bipolar plate 
1 ea. Bellows 
12 ea. Stack bo l t  
a s semb 1 y 
1 ea. Anode lead 
2 ea. Tank "0" r ing  
1 ea. Bellows "0" r ing  
1 ea. H tank and b o l t s  
1 ea. O2 tank 
34 ea. Asbestos m a t  
2 
0.39 
1.90 
0.17 
0.13 
0.06 
0.04 
8.75 
4.80 
0.06 
34 ea. Gas d i s t r ibu t ion  
screen 0.01 
34 ea. E lec t ro ly te  0.07 
34 ea. Electrodes .05 
Stack Assembly 
Tank Assembly 
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0.89 
12.85 
1.90 
2.04 
0.13 
0.12 
0.04 
8.75 
4.80 
2.04 
0.34 
2.38 
1.70 
39.66 
25.99 lbs.  
13.67 lbs.  
4. CONCLUSIONS 
The cyc l ing  of t he  6 ce11,75 w a t t  u n i t , f o r  over  500 hours  h a s  
demonstrated t h e  p o t e n t i a l  of a r egene ra t ive  hydrogen oxygen f u e l  c e l l  
f o r  long term u s e .  The modes of d e t e r i o r a t i o n  no ted ,  p l u s  o t h e r  
observa t ions  obta ined  from s i n g l e  c e l l  t es t s ,  i n d i c a t e  t h a t  l o s s  of  
e l e c t r o l y t e ,  l o s s  of c a t a l y t i c  a c t i v i t y ,  and inc reased  c e l l  d i f f e r e n t i a l  
p re s su res  may a l l  be t h e  r e s u l t  o f  t h e  gradual ox ida t ion  o f  the  n i c k e l  
c o n s t i t u e n t s  w i t h i n  t h e  oxygen e l e c t r o d e .  
t h a t  can be oxid ized  w i t h i n  t h e  oxygen e l e c t r o d e  should provide 
cons i d e r a b l  y i n c  rea sed li f e capa b i  1 i t  ie  s . 
The e l i m i n a t i o n  o f  n i c k e l  
S ing le  c e l l  tests wi th  v a r i o u s  e l e c t r o d e  s t r u c t u r e s  have shown t h e  
importance and c r i t i c a l i t y  o f  the  l o c a t i o n  of t h e  ca ta lys t s  w i t h i n  t h e  
porous a c t i v e  e l e c t r o d e s  to o b t a i n  peak performance and h igh  c e l l  
c a p a c i t i e s .  
e l e c t r o d e s  that had t h e  c a t a l y s t  w i t h i n  t h e  h a l f  o f  t he  e l e c t r o d e .  
a d j a c e n t  t o  t he  a s b e s t o s  mat. 
The 2 1  ampere hour o b j e c t i v e  w a s  ach ieved  by us ing  
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5 .  PLANS FOR THE NEXT PERIOD 
S i n g l e  ce l l  tests w i l l  be continued t o  e v a l u a t e  the f o l l w i n g :  
a. Non n i c k e l  electrode s t r u c t u r e  f o r  the oxygen e l e c t r o d e  
b. Methods f o r  reducing dry ing  o u t  and f looding  e f f e c t s .  
c. Capacity improvement f a c t o r s .  
Add i t iona l  six c e l l  u n i t s  w i l l  be assembled and sub jec t ed  t o  long 
term tests when promising e l ec t rode  m a t  c o n f i g u r a t i o n s  are uncovered 
as  a r e s u l t  of s i n g l e  c e l l  t e s t i n g .  
The 500 wat t ,  34 c e l l  un i t  w i l l  be reassembled upon r e c e i p t  of t he  
new i n s u l a t o r  spacers .  
performance tests made. 
A f t e r  check o u t ,  t h e  u n i t  w i l l  be cyc led  and 
33 
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FINANCIAL STATEMENT 
Manhours and dollar expenditures for the period June 1 through 
July 2, 1965 were as follows: 
Direct Labor Hours 642.25 
Direct Labor Dollars $3,487.22 
Purchases and Comitments 82.69 
Total Dollar Expenditure $7,502.65 
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